CA2 ON 
EV. 506 





^RESEARCH 
PUBLiCATJON 
NO. 13 







REVIEW OF EFFLUENT POLISHING 



PILOT PLANT STUDY 



BRAMPTON - CHINGUACOUSY WPCP 



TME OMTARIO' WATER RESOURCES COiMMISSION' 



Copyright Provisions and Restrictions on Copying: 

This Ontario Ministry of the Environment work is protected by Crown copyright 
(unless otherwise indicated), which is held by the Queen's Printer for Ontario. It 
may be reproduced for non-commercial purposes if credit is given and Crown 
copyright is acknowledged. 

It may not be reproduced, in all or in part, for any commercial purpose except 
under a licence from the Queen's Printer for Ontario. 

For information on reproducing Government of Ontario works, please contact 
ServiceOntario Publications at copvrightf^.'ontano.ca 



REVIEW OF EFFLUENT POLISHIMG 

PILOT PLANT STODY 
BRAMPTOW - CHI^MGOACOUSY WPCP 



By: 



S. Black, P. Eng,, 



Division of Researcli 
Publicatiorii No. 13 



A, J, Harris 
Director 






Dr. J. A. Vance 

Chairman 



D, S . Caver ly 
General Manager 



llie Ontario Water Resources ComniBsioii 



NOTICE - 



nils report is made in good faith and from 
information believed to be correct, but without any 
warranty, representation, endorsement, approval or 
guarantee of any kind whatsoever, whether express or 
implied, with respect thereto, and in partiGular, the 
Commission disclaims any responsibility for the 
accuraGy, completeness or usefulness of the report 
and does not represent or warrant that the use of the 
inforination contained in the report will conform to 
the law or may not infringe any rights under the law. 

The Commission and its employees and agents 
shall not be liable in any manner whatsoever in 
respect of the information contained in the report, 
and any use of such information shall be at the risk 
of the user. 
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SUMMARY 



llie Division of Research of the Ontario Water 
ResQurces Commission has completed a pilot plant study 
of an effluent polishing proeess employing an aeration 
pond followed by a conventional lagoon. 

Several conclusions concerning the use of an 
aeration pond as an effluent polishing facility have 
been reached: 

1 - A minimum allowable loading, determined by 
the nutrient composition of the influent, and a maximum 
allowable loading set by the capacity of the aeration 
system will be experienced. In the case of the OWRC 
research project the limits were 0.9 and 5.0 lb BOD/1000 
cu ft/day, respectively. 

2 - Temperature variations between 24° and 6°C 
have little effect on treatment. Treatment is decidedly 
reduced at temperatures below 5C>C. 

3 ■- Retention periods of 1 to 2 days achieve a 
relatively constant BOD reduction. Employing either 
meGhanical or chemical suppression of algae, longer 
retention periods would increase treatment efficiency. 

4 - Unless provision is made for either prevent- 
ing excessive settling of sludge, or for sludge removal, 
difficulties in treatment will be experienced during the 
warm-up period of the spring season, 

5 - Dissolved oxygen levels should not be 
allowed to drop below 1.3 ppra at any time, 

€ - An effluent of between 4 and 8 ppm BOD 
should be achieved if the influent BOD concentration 
doe a not exceed 15 ppm. 



Continued . 
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•Bie results of this study show that tertiary 
treatment is not a substitute for reliable secondary 
treatment. Under proper operating conditions and 
adequate aeration, an influent BOD of 15 ppra should 
be reduced to below 8 ppm in a tertiary aeration pond. 
This aeration pond should then be followed by a con- 
ventional lagoon to allow sludge settling and to raise 
the dissolved oxygen content of the waste to at least 
4 ppm before it is introduced to the receiving stream. 
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INTRODUCTICM 



The information contained in this report presents 
a review of the results of the effluent polishing pilot 
plant study at the Brampton WPCP as performed in the period 
August, 1964 to July, 1965. "Hiis report deals only with the 
aeration pond as it received supplementary aeration by an 
Aero-Hydraulics aeration system and the conventional lagoon 
coupled in series with the pond. 

At the time of this study, the WPCP was heavily 
overloaded and thus, the pilot plant was subjected to 
great variation in loading and influent concentrations as 
well as retention time and environmental conditions. 

The report is separated into Part I, dealing with 
the aeration pond and Part II, dealing with the lagoon 
as tertiary treatment facilities. 



In view of the low dilution available Ln 
Itobicoke Creek, the polishing treatment should ensure 
a consistently good effluent with respect to 5-day 
Biochemical Oxygen Demand (BOD) , dissolved oxygen (DO) 
and settleabla solids (SS) . Such an effluent should 
not develop septic conditions downstream from the plant. 

An accurate prediction of conditions that 
would prevail in Etobtcoke Creek below a full effluent 
polishing plant can not be determined from the data 
collected becaus© of the masking effect of the effluent 
from the old plant upstream, and the presence of effluent, 
not receiving polishing treatment, downstream from the 
Brampton Plant . 

It would appear however, that if the effluent 
leaving the polishing facility had a maximum BOD of 8 
parts per million (ppm) a SS concentration of less than 
15 ppm and a DO content of 4 ppm, no difficulties due 
to this effluent should be experienced in the receiving 
str<eam'. 
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PART I 



Part I of this report deals with the aeration 
pond as an effluent polishing facility to relieve the 
BOD and solids load that the Brampton WPCP imposei upon 
Etobicoke Creek. 
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PILOT PLAMT UNIT 

"Hie aeration pond was constructed in 1964 with 
its operation and studies commencing in August of that 
year. It is an earth-dyke basin with side slopes of 
approximately 2:1, a depth of 14 ft. and a volume of 
420,000 Imperial gallons. Average flow during the study 
was 250,000 gallons per day (gpd) ranging from 45 3,000 
to 877,000 gpd. 

Aeration was provided by an Aero-Hydraulics 
aeration system consisting of four Aero-Hydraulics 
aeration guns, model #2, From data presented by the 
Aero-Hydraulics Corp. the value of tap water oxygena- 
tion capacity at zero DO of the model #2 gun is 1,46 
lb Air . Allowing a reduction of 20% for the effect of 
surface active agents, an oxygenation capacity of 1.16 
Ib/hr . is predicted at zero DO concentration in the 
waste water, 

fhe four guns, as placed in the aeration pond, 
provided mixing which was adequate to maintain a 
relatively uniform dissolved oxygen value in the entire 
pond contents but was not adequate to maintain all 
settleable solids in suspension. 

AERATION POND TREAimEa^T PROCESS 

Although the aerated lagoon is theoretically a 
"total oxidation" system in that the endogenous activity 
of the organisms is sufficient to destroy the cells 
created each day, some buildup in sludge will generally 
occur. The amount of sludge buildup is a function of the 
turbulence created by the aeration equipment and the 
hydraulic design. In the case of the Brampton pilot plant 
the Aero-Hydraulics guns created considerably less 
turbulence than that generally experienced with mechanical 
aeration units, it was estimated that 40% of the sludge 
settled to the bottom of the basin. The system was then, 
a mixed aerobic-anaerobic system. 
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In such a system, the heavier suspended solids, 
including biologically formed floe, is allowed to settle 
to the bottom of the basin where those matters subject to 
anaerobic decomposition are free to do so. 'flie liquid 
and gaseous products of decomposition released at the 
sludge-water interface are carried by the circulating 
mixture into the aerobic zone above and utilized by the 
aerobic organisms, preventing the release of obnoxious 
gases to the atmosphere. 

During cold weather, anaerobic activity slows 
down considerably more than aerobic activity with a 
resulting bottom storage of BOD at low temperatures. As 
temperatures begin to rise in the spring, anaerobic 
activity increases and the system is then subjected to 
an added load, h slight odour problem may arise with 
an accompanying decrease in apparent BOD removal. 

At the Brampton pilot plant this pheonomenon 
occur ed in late May and early June of 1965 with an 
extended period of negative apparent BOD removal 
efficiency. 

INTERPRETA'flON OF RESULTS 

In order to reduce the large accumulation of data 
to useable proportions, all determinations have been 
based on weekly averages of test results. The test period 
covered in this report consists of 5 2 weeks of data 
collecting. Because of the incompleteness of data for 
several of the weeks, however, the results and data 
obtained from 35 of the weeks of operation have been used 
as a basic for the conclusions of this report. 

Whenever possible, mass balance values rather than 
actual concentration have been used. In this manner, changes 
in concentration within the aeration pond are accounted for. 

Because of the numerous variables encountered during 

the study a detailed analysis has been made in an, effort to^ 



separate the influence of each factor, and to establish 
a direct correlation between each of these variables and 
effluent BOD concentration. Allowable limits of some of 
these variables have been set. 

RESULTS 

A - Biochemical Oxygen Deroand (BODi 

tte variables affecting effluent BOD concentratiori 
considered in this report are BOD loading, influent BOD 
concentration, retention period, temperature, settling, 
algae concentration and oxygen utilization. Weekly averages 
are presented in Table 1. 

A description of the effects of each of the above 
variables on BOD effluent Goncentration and reduction is 
presented below : 

^' Loading - A plot of loading vs BOD percent 
reduction is presented in Graph #1. Tliis graph indicates 
that between the loadings of . 9 and 5.0 lb BOD/1,000 
cu ft/day, a fairly predictable BOD reduction was achieved 
for the period August, 1964 to May, 1965. As has been out- 
lined, unpredictable results, because of bottom deposit 
effects, occured during May and early June. 

Below a loading of 0.9 lb BOD/1,000 cu ft/day, 
BOD reductions were highly variable ranging between 29 
and 67%. This was partly due to the inert nature and com- 
position of the waste at low loadings and partly due to 
the resulting long retention periods and high algae con- 
centration at temperatures above 14*^C, 

At loadings above 5,0 lb BOD/IOOO cu ft/day, 
oxygen became limiting and again BOD reductions were 
unpredictable and somewhat reduced. 
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Brampton Pilot Plant 

Average Weekly Reaulta - Se^t., 1964 to May, 1965 
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2) I nfluent BOD Concentrablon^i - A plot of 
influent BOD vs. of fluent BOD is presented in grapii #2. 
As can be seen, a fairly <3irect relationship between 
effluent and influent has occured over the entire range 
of influent concentrations experienced between the 
months of August and May. 

For a polishing process treating waste from a 
properly designed and operating secondary plant, the 
influent to the process should seldom exceed a maximum 
concentration of 15 ppm BOD. From the results of these 
studies it would appear that at these low influent con- 
centrations reductions will be in the order of 40 to 55%. 

3) Retention Period - Even though no direct 
relationship could be established between per cent BOD reduc- 
tion and retention period, as seen by graph #3, it would 
appear that retention periods between 1 and 3 days did 
produce the most predictable reductions. Between these 
limits BOD removal varied between 45 and 00%. 

Longer retention periods were generally coincidental 
with low organic loadings, and shorter retentian periods 
with high loadings. 

There appeared to be a tendency towards an 
increase in treatment efficiency as retention period 
increased from 1 to 3 days, 

4) Temperature - As the temperature of the mixed 
liquor decreased from 20C>C in August to 6°C in February 
and then rose to 10°C in late April, it appeared to have 
no direct effect upon treatment efficiency and the opera- 
tion of the aeration pond except at one point where 
temperatures dropped below 6C»C. (Temperatures have been 
indicated with each point in graphs 1 and 2) , However, 
as temperatures increased from 10°C to IB^C through May 
and June, the efficiency appeared to drop off radically. 
This phenomenon has previously been explained. 
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At liigh temperatures and long retention periods, 
dense concentrations of algae were found, reducing BQD 
removal efficiency, 

5) Settling - It has been estimated that approx- 
imately 40% of the BOD load settled out in the aeration 

pond, and became available for utilization by the aerobic 
organisms only at rates dependent upon conditions affect- 
ing an aerobic decompoisition . 

'The effect o.f settling on the performance of the 
anaerobic pond may be observed from the wide variations in 
BOD removal throughout the period May to July. 

Measurements and samples oJ settled raateriala were 
not regularly taken throughout the entire study periiod, but 
sampling in May of 1965 revealed heavy deposits of settled 
sludge. 

6) Algae CO'ncentration,s - Algae concentrations 

are dependent upon many factors Including nutrient conditions, 

light intensity and duration, retention time, degree of 
turbulence and. turbidity and temperature. 

Table 2 presents weekly averagea of algae con- 
centrations and of some of the factors affecting these 

concentrations. ifi,ese factors cannot, however, be iBolateid 
to determine limits for each as there was no means o^f keep- 
ing any one factor constant for any period of time. General- 
izations, however, may be drawn, i 

a) temperatures below IQOc inhibited high con- 
centration of algae, (See Graph #4) . 

b) a contolnation of retention, periods in excess 

O'f 1.5 days, temperatures in excess of 14°*c and radiation 
in excess of 150 gra,m-ca lories per square centimeter pro- 
vided the pro,per conditions for excessive algae growth. 

c) extensive algal growth has a detrlm,ental effect 

„Qn ,BOD reduction. 
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d) there appeared to be adequato nutrionta 
available at all time to 3.upport large populations of 
algae. 

7 1 Qxyq en U t i 1 i za t i on - Calculations wiere made 
using weekly averages, to determine the oxygen re'tjuired 
in relation tO' the BOiD remo'ved, 'Ifiese values are shown 
as |a) In Table 1 and ranged from 0.3 to 5.9 lb DO/lb 
BiOD removed. An overall figure for the entire study 
period, assuming a transfer O'f 1.6 lb 02/unit/day at zero 
DO and a ben thai oxygen dema,nd of 1.0xlO~3 Ib/f tS/day (1) (3)i 
was calculated to be approximately 01.78 lb DO/lb BOD 
removed . 

Some factoirs affeC'ting oxygen utilization are 
the applied load, temperature, settling, waste character- 
isticB and PH. Variations in all of these would account 
for the radical change in the value of fa) from week to 
week . 

B ~ Suspended Solids 

Table 2 presents tlie weekly average values of 
influent SS, effluent SS and % reduction. Graphs #5 
and #6 present plots of SS % reduction vs retention time 

and effluent SS vs algae concentrations,. 

No correlation could be established between 
retention time and SS:% reduction. However, as would 
be expected, there appears to have been a direct relation- 
ship between algae concentration and effluent SS. Algae 
densities present appear to have been the tnain contributor 
to the scatter of Graph #5. 
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Variations in temperature and influent quality were 
also contributing factors to a lesser extent, 

Ihere is a division of opinion concerning the 
effect of the algal cells in the effluent on the 
receiving body of water. One opinion is that certain 
types of algae in the effluent of ponds will continue 
to produce oxygen by photosynthesis in the changed 
environment of the receiving stream and thus, not eKert 
the oxygen demand indicated by the BOD analysis. It is 
sometimes assumed that the organic matter produced by 
algae growth is not imraediately available to produce as 
obnoxious a condition below the outfall as would an 
equivalent ooncentration of organic matter from sewage. 

The OWRC to date has maintained a more conservative 
stand in not making a special allowance for suspended 
solids and BOD from algal origin. This concept has been 
adopted throughout the report for purposes of performance 
appraisal. 

DISCUSSION 

An aeration pond receiving secondary treated waste 
cannot be likened to an aeration pond receiving raw sewage. 
Raw sewage is composed of an infinite variety of substances 
ranging from those that are highly oxidiEable to those that 
are completely biologically inert. In any biological treat- 
ment process, the most readily oxidizable BOD material is 
removed first leaving the more inert portion in the effluent^ 
Thus the waste entering a polishing facility is much less 
readily treatable than that entering the conventional raw 
sewage aeration pond. Reductions would necessarily be expected 
to be somewhat lower. It would follow then, that the lower 
the influent BOD applied to the polishing process, the less 
will be the reduction effected by the process, especially at 
low BOD concentrations, ^is is evident from graph #2 at 
influent BOD concentrations below 40 ppm, where reductions 
drop from 60% at 40 ppm to 40% at 20 ppm. 
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It was seen from Graph #1, hhat oxygon became 
limiting at loadings above 5 lb BOD/1000 cuft/day, and 
yet, the BOD reductions were highest at this high load- 
ing. It v;ould appear then, that either additional 
aeration guns or a more efficient type of aerator would 
allow higher loadings to the pond and thus increase 
Eemoval efficiencies, 

iTiere appears to have been a direct relation- 
ship between effluent suspended solids concentrations 
and alqae densities, Wuis, it would appear that the 
growth of algae should tie prohi))ited when possible. 
Maintaining retention periods less tlian 2 days appears 
to be one solution. ITie covering of the pond with 
suspended terylene mats as has been attempted in South 
Africa (2) may be another solution. 

nOD reductions also appear to be most reliable 
at a retention period of 1 to 2 days, seemingly because 
of the absence of large quantities of algae; however, 
in the absence of algae, reductions appeared to be 
higher at retenLion periods of 3 to 4 days. 'Hius, if 
algae densities could be suppressed mechanically or 
chemically, BOD reduction could be increased by increas- 
ing retention times, maintaining a high organic loading 
and an adequate dissolved oxygen content. 

CONCLUSIONS 

Tlie following conclusions are based on the 
detailed analysis of 26 weeks of data and general 
analysis of some 35 weeks of sampling results. The 
limits set are subject to adaptation to the varying 
conditions which are necessarily found at different 
locations and installations, Tliey are general in 
nature, however and may be used as guidelines in the 
design and operation of future effluent polishing 
installations. 
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Ttie conclusions of Lhe pilot plant study in 
respect to the aeration pond as aerated by an Aero- 
Hydraulics aeration system are as follows : 

1) Limits of organic loadinqs applied to the 
aeration pond niay be set at 0.9 lb BOD/1000 cuft/day 
and 5,0 lb DOD/1000 cuft/day. 

2) Temperatures should not be allowed to drop 
below 5°C, 

3) Retention periods should be between 1 and 
2 days to achieve fairly constant BOD reductions and 
discourage large densities of algae. 

4) Temperature changes between 6° and 20OC 
appear to exert little effect on treatment efficiency, 

5) Some provision should be allowed for either 
preventing excessive settling in the aeration pond, or 
for sludge removal. 

6) Dissolved oxygen levels should not be 
allowed to drop below 1,5 ppm at any time, 

7) An effluent of between 4 and 8 ppm BOD 
would be maintained if influent BOD concentrations were 
not allowed to exceed 15 ppm. 

0) The aeration pond should eliminate shock 
loads to the receiving stream and remove most of the 
settleable solids, thus eliminating drastic changes 
in quality of the stream and virtually eliminating 
the foirroation of sludge deposits in the stream. 

Teritiary treatment is not a substitute for 
reliable secondary treatment. lhe first step must 
therefore be to eliminate the opportunity of any 
partially or poorly treated effluent from leaving the 
secondary plant. 
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An effluent with a BOD not exceeding 8 ppra will 
be maintained if: 

1) An effluent of 15 ppm or less BOD can be 
maintained by the secondary sewage treatment plant, 

2) An aeration pond of 1 to 2 days retention 
period, with minimum and maximum loadings compatable with 
nutrient and air supply, respectively. 

3) An adequate oxygen supply to maintain ^ DO 
level of 1.5 ppm is provided. 

4) Adequate mixing is provided to prevent excessive 
settling of sludge (or sludge removal facilities are pro- 
vided) . 
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PILQT PLANT UNIT 

Tlie conventional lagoon wns constructed in 1964, 
with its operation and studies commencing in August of that 
year. It is an earth-dyke basin with side slopes of 
approximately 2.5:1, a depth of 8 ft. and surface area of 
1 acre giving a total volume of 2.2 million gallons. 

LAGOON TREATMENT 

The lagoon, because of its depth, is facultative 
rather than aerobic with aerobic activity taking place in 
the upper layer and anaerobic in the lower. The depth of 
interface is dependent upon dissolved oxygen conditions as 
supplied through algae photosynthesis, surface mixing and 
in the influent. 

As with the aeration pond, anaerobic activity is 
reduced during the winter, creating an added loading effect 
during the warm-up period in the spring. 

This phenomenon occurred somewhat earlier than with 
the aeration pond, taking place in April and early May as 
temperature increased from 4 to 12°C. Perhaps because of 
the reduction of SS in the aeration pond, its effect was not 
as prominent as with the aeration pond. 

Since DO input is highly dependent upon environmental 
conditions the treatment in the lagoon is not as reliable aa 
that of the aeration pond which receives supplemental oxygen » 
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INTERPRETATION OF RESULTS 

Again, in order to reduce the accumulation of 
data to useable proportions, all determinations have been 
based on weekly averages of test results. Tlie test period 
covered consists of 52 weeks of data collecting. Again 
because of incompleteness of data only 33 weeks have been 
used as a basis for this report. 

Table 3 presents weekly averages of pertinent 

ua ta . 

RESULTS 



A. Biochemical Oxygen Demand 

The variables affecting BOD removal in the lagoon 
considered in this report are loading, influent concentrations, 
retention period, temperature and algae concentrations. 

As can be seen from Graphs #7 and #8, no direct 
correlation between BOD% reduction and either retention 
time or loading could be established. However, effluent 
BOD was somewhat dependent upon both loading and influent 
BOD concentration. 

With influent BOD concentrations below 15 ppm, 
the effluent ranged between 3.5 ppm and 7.5 ppm, while 
loadings below 21 lb BOD/acre/day produced an effluent 
varying between 4 and 6.5 ppm BOD. lliis corresponded to 
a BOD reduction varying between 40 and 80% 

Effluent BOD concentrations appeared to be little 
effected by retention period except that the scatter was 
highest at retention periods below 8 days. See graphs #9, 
#10 and #11. 
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Table 3 - Lagoon 

- Brampton Pilot Plant 

- Average Weekly Results - Aug., 1964 to May, 1965 
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Week Infl. SS (ppm) 
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a 3.1 

4 37 

5 34 

6 20 

7 28 

8 19 

9 20 
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18 21 

19 2a 

20 15 

25 31 

26 60 

27 26 

28 24 

30 20 

31 25 

32 20 

33 18 

34 IS 

35 16 

36 23 

37 28 

38 17 
If 19 
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Temperatures have been indicated witli the poihts 
on graphs #7, #9, #11 and #12, From graph #12, it would 
appear that low temperatures (below 10°C) generally prohibiteji 
large densities of algae, however, exceptions did occur. 
Low temperatures except perhaps those below 3*^C did not havs 
any appreciable effect on BOD reductions, 

B> Suspended Solids 

Plots of SS % removal against retention time and 
algae concentrations are presented in Graphs #13 and #14. 
As can be seen, no direct correlation could be found in 
either case, except that at algae concentrations below 
4,000 to 5,000 Areal Standard Units per millilitre (ASU/ml) 
the SS removal appeared to be more consistently higher, being 
between 25 and 75%. Tlius, it would appear that algal cells 
are the main contributions to the SS content of the lagoon 
effluent, especially at very high algae concentrations. 
See Graph #15, Variations in temperature and influent 
quality were also contributing factors, but to a lesser 
extent. 

The question of the actual effect of algal cells 
on the quality of the receiving water again arises, 
Ixcessive concentrations should be avoided if possible, 

DISCUSS I OtI 

llie lagoon appeared to be lea a reliable as an 
effluent polishing facility than the aeration pond. The 
lagoon is considerably more sensitive to environmental 
conditions and treatment is therefore much more difficult 
to predict and define. 

Algae is necessary as an oxygen supply to the 
aerobic organisms in the lagoon as lagoon treatment is 
largely dependent upon an adequate supply of oxygen. 
Dissolved oxygen concentrations reached a minimum in 
January of leas thau 1,0 ppm in the effluent of the lagoQn* 
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Algae concentrations were also low at that time due to ice 
cover on the lagoon. When algae concentrations were at 
their highest (April) the lagoon effluent was greatly over- 
saturated with oxygen. It would appear then, that algae 
concentrations less than 1,000 to 2,000 ASU/ml were 
inadequate to provide sufficient oxygen, while concentrations 
above 10 to 12,000 ASU/ml generally produced an excess of 
oxygen. Dissolved oxygen concentrations in the lagoon 
effluent should never drop below 4 ppm because of the effect 
on the receiving water. 

Vr^lues of filtered BOD in Table 3 indicate that 
approxinvately 50% of the effluent BOD was due to algal cells. 

Graph #16 indicates that at retention periods of 
less than 8 days algae concentrations seldom exceeded 7,000 
ASU/ml. However, the scatter of BOD removal efficiencies 
was greatest at retention periods below 8 days. Hius, some 
method to reduce the high algae concentrations, other than 
decreasing retention time would greatly enhance the treatment 
process. 

A satisfactory effluent would be produced by the 
lagoon if the retention period is no less than 8 days, the 
loading no greater than 20 lb BOD/acre/day and the influent 
BOD concentration no greater than 15 ppm and if the algae 
concentration was not allowed to exceed 10,000 ASU/ml. 
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